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(54) An energy absorbing unit and a method for the manufacture of a deftormable tubular element 
for such a unit 



(57) An energy absorbing unit comprises a tubular 
element permanently deformable by inversion for dissi- 
pating energy from the effect of an external force, the 
tubular element being a unitary hollow member (70) 
comprising a cylindrical part (72) and a radially inwardly 
extending wall (76). The Invention also inciudes a 
method fbr the manufacture of such a unitary member 
by cold-forging or cold-extrusion from a solid piece of 
material. 
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Description 

The invention relates to an energy absorbing unit 
for dissipating energy from jthe effept of an external 
force by permanent deformation, comprising a tubular 
element deformable by inversion or telescoping to dissi- 
pate tlie energy. The invention also relates to a deform- 
able tubular element for use in an energy absorbing unit 
as well as to a method for the manufacture of a tubular 
element that is deformable by inversion. 

Such an energy absorbing unit is Icnown from GB 
884,953 which document must be considered as incor- 
porated herein by reference. In this known unit the 
deformable tubular element consists of a length of metal 
tube that is connected at one end. for example being 
formed with a flange, to a tubular reaction member of 
the energy absorbing unit, and at the other end to a 
thrust transmitting rod which transmits the force to the 
part of the tube where the inversion takes place. The 
tube is joined to the thrust transmitting rod by means of 
a welded joint. 

This known unit comprises several parts which dur- 
ing manufacture have to be processed and joined 
together and partly as a result of this is somewhat 
heavy. The structure of the unit cannot be made sub- 
stantially lighter by substituting a lighter material for 
example of aluminium, because the joint between the 
thrust transmitting rod and the tubular casing would col- 
lapse under the effect of an impact force. Extra material 
is needed at the joint to prevent this. 

According to the present invention, an energy 
absorbing unit is characterised in that the tubular ele- 
ment deformable by inversion is formed as a unitary hol- 
low member comprising an end wall extending radially 
inwardly. 

Because the deformable component is formed in 
one piece with an inwardly extending end wall, it can be 
formed without any discontinuity or inhomogeneity, to 
permit inversion to proceed in controlled fashion. Also 
no special assembly or jointing operations are needed. 

The invention also comprises a tubular element 
formed as a unitary hollow member with an Integral radi- 
ally inwardly extending end wall, for use in an energy 
absoit>lng unit to dissipate energy from an external 
applied force. 

In one form of the invention the hollow member is 
formed by cold-forging or cold-extrusion from a solid 
piece of material, for example by cold-forging from a 
blank of steel sheet or by cold-extrusion from a blank of 
aluminium. 

Although for example in the case of manufacturing 
in aluminium it is possible to start wit!-: n blank cut off 
from a bar. it is preferatsle to take the blanks from rolled 
sheet despite the extra cutting losses. 

The invention further comprises a method for the 
manufacture of a deformable tubular element having a 
radially inwardly extending end wall by cold-forging or 
cold-Gxtrusion from a solid piece of material. It has been 
found possible in this nnanne." to make quickly and effi- 



ciently a tubular element that is deformable by inversion. 
A great advantage of this method is that it is possible to 
make an optimum selection of the wall thickness locally, 
in particular the correct thickness and so strength may 
5 be given at fjange parts and/or a base part at which 
attachments are to be made. 

The invention will now be Illustrated by reference to 
exanples shown in the drawings In which: 

10 Fig. 1 is a longitudinal section of a tubular element 
manufactured In one piece from aluminium by cold- 
extrusion in accordance with the invention, wherein 
the inversion deformation Is intended, as seen from 
the centre of the element, to run from outside to 

15 inside and the central portion of the original blank is 
situated close to one end of the element. 
Rg. 2 shows an alternative element in longitudinal 
section as in Fig. 1 but in which that inversion is 
intended to run from Inside to outside as seen from 

so the centre of the element, 

Rg. 3 is a longitudinal section of another form of the 
invention, in which the central portion of the original 
blank is situated in an intermediate region of the 
unit of which the tubular element is a part, 

25 Fig. 4 shows a longitudinal section of a tubular ele- 
ment similar to that in Fig. 3 but which however is 
manufactured from steel by cold pressing, 
Figs: 5a and 5b show a tubular element in side ele- 
vation and plan respectively, as described for Rg. 1 

30 wherein the end wall is provided with holes for 
attaching a load transmitting member, 
Fig. 6 is an exploded view of an energy absorbing 
unit in which the component of Figs. 5a and 5b Is 
incorporated and the thrust transmitting rod is 

35 formed from an extrusion, 

Fig. 7 shows a tubular element similar to that in Fig. 
2 but here joined to a separate cylindrical thrust 
transmitting part. 

40 Fig. 1 shows a tubular element formed as a unitary 
hollow member for an energy absorbing unit according 
to the invention comprising a cylindrical part having two 
different diameter portions 2.4 joined through an annu- 
lar portion 6 having an arched radial cross-section pro- 

45 viding an inversion radius. At the end of the smaller 
diameter portion 2 remote from the annular portion 6 
the member is closed by an end wall 8. A small cylindri- 
cal collar 10 projects from the wall. The opposite end of 
the tubular element is formed with an external flange 1 2. 

50 The end wall 8 and the flange 12 serve to mount the 
tubular element in place, the flange for example being 
attached to the bodywork of a motor vehicle and the end 
wall to a bumper unit. When an axial impact of sufficient 
force is applied, the energy of the impact Is absorbed by 

55 deformation of the tubular element in inversion. That is 
to say beginning at the inversion radius of the annular 
portion 6 the larger diarrjeter portion 4 folds in on itself 
allowing the smaller diameter portion 2 to telescope into 
it. 
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In the example of Fig. 2 the arched cross-section of ' 
the annular joining portion 20 between smaller and 
larger diameter cylindrical portions 22,24 is reversed as 
compared with Fig. 1. As in Fig. 1 an end wialt 26 closes 
the smaller diameter portion and the larger diameter 5 
portion has an external flange 28. In this instance, when 
deformed under impact loading, the smaller diameter 
portion 22 inverts and the larger diameter portion 24 tel- 
escopes over the smaller diameter portion. 

In Fig. 3 the unitary member has only one cylindri- 10 
cal portion 30 and the annular portion 32 joins \i to a 
closing end wall 34. A separate tube 36 acts as a load 
transmitting member and fits within the annular portion 
to be secured to the member. As in the example of Fig. 
1 , the cylindrical portion will invert under axial loading. is 

Fig, 4 shows a unitary member of the general form 
illustrated in Fig. 3. but made as a steel pressing with 
substantially reduced wall thickness in the defbrmablo 
cylindrical portion. Corresponding parts are indicated 
by the same reference numerals as Fig. 3. 20 

Fig. 5 shows an analogous unitary member as an 
aluminium extrusion with corresponding parts indicated 
by the same reference numerals, and Fig. 6 illustrates it 
with the associated components of an energy absorbing 
unit. Thus, the end wall 34 of the member has tapped 25 
holes 42 to receive screws driven through threaded 
channels 44 in a load transmitting member 46 corre- 
sponding to the member 36 In Fig. 3. The channels are 
an^nged as open slots to fiacllitate the production of the 
member as an extrusion. A flange adaptor 48 is 30 
mounted on the other end of the unitary member, eg. as 
a press fit. 

The two part assembly in Fig. 7 is similar in form to 
Rg. 2 and operates in the same way. The unitary mem- 
ber 70 now has only one cylindrical portion 72 with an 35 
outward annular formation 74 at one end and a closing 
wall 76 at the other. A separate tube 78 is secured to the 
outer rim of the annular portion. 

The invention will be further illustrated by reference 
to some examples of the manufacture of the telescoping 40 
element. 

Energy absorbing units can be made in aluminium 
or steel for example. An aluminium alloy with which 
good results are achieved is AIMgSi 0.5. A good steel 
alloy is Q-ST 34-3. In principle other alloys may be con- 45 
sidered. but for a good inversion characteristic the yield 
point and breaking strength must r^ot be too far apart 
and the material must be ductile (>12% in cases 
applied). 

The starting material for the cold extrusion is a so 
blank cut from a bar or preferably punched from a thick 
sheet. Typical dimensions for use in energy absorbing 
units for motor vehicles are a blank diameter of .60-80 
mm and a thickness of 10-20 mm. It is possible for the 
steel blanks to be preheated to a temperature of 700°C ss 
before pressing. The product can be made on a conven- 
tional mechanical unitary member toggle press, but all 
types of press can be considered. 

Depending on the complexity the material is 



pressed in one or more stages. In aluminium the prod- 
uct can be cold-extruded in one stage. In steel more 
process stages are usually needed and the product is 
annealed between the pressing stages to relieve inter- 
nal stresses. Of course the product should preferably be 
made in the fev/est possible pressing stages. 

The common dimensions of an energy absorbing 
unit for a motor vehicle are a diameter of 60-100 mm, a 
material thickness of 1-2.5 mm and an inversion radius 
in the range of 3-7 mm. In aluminium the material thick- 
ness is 2.3 mm with a diameter of 60 mm. In steel the 
material thickness is approximately 1.5 mm. A great 
advantage of cold extrusion is that it is possible to press 
flanges and rims on the base at the same time thus sim- 
plifying design, suspension and attachment. The 
mechanical properties are constant in the part that is 
Intended to deform. The base part of the member can 
have somewhat different properties. In the case of a 
vehicle-mounted member, it can be joined to a ram. 
bumper or bodywork part in a wide variety of ways; with 
adhesive, by folded-seam or welded joints, with rivets, 
bolts, etc: In the case of steel, welding is a good choice 
and fblded-seam and screwed joints in the case of the 
aluminium version. In the case of aluminium, v/elding 
should generally be avoided because the mechanical 
properties change, and where these do need to be 
brought back to standard a homogenisation treatment is 
necessary thereby incunrlng extra production costs. 

If very high demands are placed on the energy 
absorbing unit another calibration stage and heat treat- 
ment can be used following the cold-forging operation or 
cold-extrusion. 

Claims 

1. An energy absorbing unit for dissipating kinetic 
energy under the effect of an external force by-- 
inversion deformation of a tubular element, charac- 
terised In that the tubular element is formed as la 
unitary hollow member comprising a cylindrical part 
and a radially Inwardly extending wall integral there- 
with. 

2. An energy absorbing unit according to claim 1 
wherein said wall closes one end of said hollow 
member 

3. An energy absorbing unit according to daim 1 or 
claim 2 wherein at a junction between said wall and 
the cylindrical part of the hollow member there is an 
annular portion having a curved radial cross-sec- 
tion adapted to locate the Initiation of said inversion- 
deformation of the cylindrical portion. 

4. An energy absorbing unit according to claim 3 com- 
prising a supplementary tubular element secured to 
the hollov/ member at said wall, said supplementary 
element being coaxial with said cylindrical part and 
extending away therefrom. 
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5. An energy absorbing unit according to any one of 
claims 1 to 3 wherein the cylindrical part comprises 
coaxial cylindrical elements of different diameters 
joined end to end. one of which is defbrmable by 
inversion under the effect of the external force, and 5 
said wall is located remote from the junction 
between elements. 

6. A tubular element in the form of a unitary hollow 
member for an energy absoiting unit according to 10 
any one of the preceding claims. 

7. A method for the manufacture of a tubular element 
for an energy absorbing unit, said element being 
deformable by inversion, characterised in that the is 
tubular element is formed from a single piece of 
material as a unitary hollow member having an Inte- 
gral radially inwardly extending wall. 

8. A method according to claim 7 wherein said tubular 20 
element is formed by cold-forging or cold-extrusion 
from a solid piece of material. 

9. A method according to claim 7 wherein said tubular 
element is formed from a piece of rolled sheet 25 
metal. 
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